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("PEF.PEHHTE MHHEPAJlH 0..11 OJlOBO -UI1HKOBOTO HAOrAJlI1b1TE 
CACA, I1CTO '~HA MAKE1l0HI1JA 
M.AneKcaH,J:\poe', C.MaHKoe2 , T.Cepa¢lIIMoBCKH:l 
PY,J:\HOTO HaOranHIJITe Caca ce Haol"a BO ceBepOHCTO"lHHOT ,J:\en Ha 
Oc oroBcKHTe nnaHHHH BO C.P.MaKe,J:\oHHja Ha 12 Km ceB~pHO O,J:\ MaKe,J:\oHcKB 
KaHeHH4a. O,J:\ MeTanoreHeTCKH acneKT Toa npe,J:\cTaBYBa ,J:\en O,J:\ PY,J:\HHOT peOH 
Caca - TopaHH4a, Koja enerYBa BO paMKHTe Ha H3,J:\BoeHaTa O,J:\ 60roeBcKH 
(1962; 1964) PY,J:\Ha .30Ha 6ecHa K06Hna neX"IeBO. Toj peOH .3ae,J:\HO co 
,J:\enOT BO Koj ce TeP4HepHHTe PY,J:\HH Haol"anHwTa Ha 6yrapcKaTa TepHTopHja 
e ,J:\e¢lHHHpaHB O,J:\ MaHKoB (M HKoe, 1968;MaHKoe, 1974) KaKO PyeHcKo PY,J:\HO 
none. Bo perHOHaneH nnBH Haol"anHwTeTo Caca enerYBa BO T.H. CpncKo 
MaKe,J:\oHcKa npoBHH4Hja (JaHKOBH"I,1967) , BO KOja ce BKnY"IeHH MHory6pojHH 
OCHOBHO onOBHO - 4HHKOBH Haol"anHwTa H PY,J:\HH nojaBH. 
Bp.3 OCHOBa HB HHHepanHHOT H xeMHCKHOT COCTBB Haol"anHwTeTO Caca 
,J:\ocera e pB.3rne,J:\yeaHo KaKO THnH"IHO Onoeo 4HHKOBO. ..1105HeHHTe 
npaKTH"IHH pe.3ynTaTH O,J:\ OCHOBHHTe H ,J:\eTanHHTe HCTpa~HH pa50TH H 
e KcnnoaTa4HjaTa Ha PY,J:\aTa cnpOBe,J:\eHH BO nocne,J:\HHTe rO,J:\HHH O,J:\ CTpaHa HB 
r eOnOIJlKaTa cny~6a PY,J:\HHKOT ( AneKcaH,J:\pOB 1978 ; 1986 ; 19813) 
nOKa*yeaaT ,J:\eKB cpeOpOTO npe,J:\CTaeyea eneMeHT, KOj HMa ea~eH eKOHOMCKH 
~H4~aj. 3ae,J:\HO co onOBOTO, 4HHKOT H 5aKapOT Toa OOpa.3YBa e,J:\HB 
r~oxeMHCKa TeTpaHja,J:\a, oc05eHO KapaKTepHCTH"IHa .3a Haol"anHwTeTO, CHnHO 
Har)!aCYBaJ It H j a HerOaBTS eKOHOMCKa nepcneKTHB8 BO ycnoBH HB 
KOMnneKCHO HCKOpHCTYBa~e. 
Bo BpCKaco Toa oc05eHO aKTyenHa, nOCTaHYBa saAS"ISTa ~a pewaaB~ 
Ha ~pMaTa BO Ko ja ce npHCYTH~ He ca~ cpe5pOTo H 6aKapOT, HO H CHTe 
OCTSHaTH e n eMeHTH - npHMeCH BO PY,J:\aTa: OH3MYT, aHTHMOH, .3naTO, ceneH, 
1 reonOWKS c n Y1II6a npH PY,J:\HH4H Caca , MSKep.OHCK4 
~ C. P. MaKep.OHHJa 
3 BHW PYP.SPC KO - reOnOIJlKH HHCTHTYT, CO¢Hja H.P .5yrspHj 
PYP.4PCKO - reonOWKH ¢aKynTeT , liITHn, C . P .MaKep.OHHJ8 
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,IJ.en Ha 
pYP.HHOT peOH 
ooroeeCKH 
3ae,AHO <::0 
TepHTopHja 
PY,IJ.HO 
CpnCKO 
,n06HeHHTe 
pa60TH H 
CTpaHa Ha 
1988) 
e,AHa 
TO, CHnHO 
Ha 
3 a pelllaea1i>e 
11 CI1Te 
ceneH, 
Tenyp, Ka.,AHI1YM, HH,AHYH, rdlTH YM H ,Ap. Bo OBOj TPY,A ce npaaH npeHOT 
nOCepl103eH yeKOp 80 I13Y'~yeaH>eTO Ha npHCYCTBOTIJ HB cpeOpOTO, KopHcTej KH 
KOMnneK CHc!I COBpeHeHa nB6apaTopHCKa M~TOAI1Ka 0,11. peAOT HB 
peHTreMocneKTpaneH MHKpoaHam13aTOP. peHreHOCTpYTYPHI~ a HanH3H no Me ToAo T 
Ha ,ne6aj b1epep. CKB.Hep €l1eKTpOHCKB. MI1KpOeO~Aa 11 Ha.6.n.YA)'I!wt.e BO 
pa3nl1YHH pelKHMH "COMPO", "CeKYHAapHI1 ene",TpoHH", ¢lQTo rpa¢CKB 
perHCTpal\Hja Ha x -3pal\H". T oa 0803MOlKl1 ,Aa ce no KalKe • AeKa cpe OpOTO 
06pa3yea l\e.na peA~a. c oncTBeHl1 HI1H'!paJTH . ll,en 0,11. THe ee HaOJbYAyeaB."T 
HaKpoc Kone KI1, a noroneH Aen - HI1KpOe !'.one Y 11. npl1 H8ap WeHI1Te HcnHTyeaH>a 
ce AOKalKaHH caMopoAHO cpe6po, eneKTPYH . aKaHTI1T, n()n~H) a3~IT. CTe¢>a,HKT H 
'l'paJ6eprHT KaKO com:TBe HI I Ml1H o> pam-l HB cpel) poTO. 
OA Hero e eKJlY'IeHO nr:>A 'jltlpMa Ha fl30Mop.pHa npHMeca BO WHPOKO 
npeACTaBp.HaTa eo HaoramIW'rf'TO Te HaHTHT - T€Tpae,ApHTO aB peAI1l\B, a I1CTO 
TaKa H 80 APyn'ITP MHllepIll1H. I1IT" !1e t1I1,1le npP,AH"'T HB. APyr<l HalLIa paCiOTB . 
I OAIIHH Hanri'UlHWT"'TO CacB p.aeB 3Ha'laj HI1 
KOnHYHHH Ha cp",r)po. Koja BapHpa o~ 16 2 0 TO HH. no cerBIIlHH 
r OAlIlIIHa epe.o.Hot:'T A>}CTHrHyaa 340 000 $. 
Cf'Tr, TO'" AaBa OCHOBii. HaOraJlliWTeTO Caca ,Aa ce pa3rJle AB KBK O THnHYHO 
t::pe6peHO O.noeHO -lI,HHKOBO Haor anHWTe: Ko e n peMa 
sKynHI10T MeTan ( P + Zn Ag) npHnara ao rpynaTs HB 
Haj roneMHTe cpel5pe Ho - OJlOe HO - l\IIHK06H HaoI'anHwTa 60 Espona. 
KpaTI'.H re0110WKH KapaKTep11C'l'11K11 11 OCH01!lHK 

MO P¢O CTPYKTypHH THnOel1 pYP.HH TeJla 

Bo re0J10WKaTa rpa,Aoa BO peOHOT Ha HaotSJlHWTe T O Caca Y'IecTsyeaaT ~TeHH 
O,A TPH M"'TaHop¢HII I(OHnneKCIoI, npeCeY e HH 0,11. CTPYHCKSTa AW' l'HToea 
rpaHI1TH, rpaHHTH 11 TE: pqllPpHIl 
HarMaTHTH. 
npeHOT HeTaHop¢le H KOHnneKC e H3rpaAeH 0,11. BHCO~OKpHt:'TaJlHH Me TaH"fo¢lHH 
CT~HI1 co np"KBHopHCKa t:'TapOCT, BTOPI10T e CTapo nane 030 J CKH npeAC l1nYPcKH 
AO Kr'H r:e 8KyyeHH MHory pa3HoeH,AHOCTH O,A HHr.:KOKpHCTanHH CTeHH n03HSTII 
"... nliTepST Y PSTa KBKO .seneHM UlKpHnll,H (Alla6a....ptmHTIJ H,AF.H I'OHnneKC ) , a 
Tp.. Tl10 T e 03HB'IeH KBKO Keapl\ - rpS¢11TH'I \,!0 - <p11J1HT0I1AeH c o HB) rone MO 
yyeCT SO Hd ".sapll, - MYCKOB HT - rpa¢IITHYHH WKPlfl1~l1, KB111' WHCTII. MepHepH H 
t1>HnHTH npH n OTnQJlHO OTCYCTBO Ha 3~eH11 WKPliJll\I1. CTapocTa Ha TpeTHoT 
~. r:oHnneKC ce n pHq>BKs 3a CHIlYP - p.eBOJ1 ( n eHI,!epKOCKII , 1952 , E"E:JleB. 1964) . 
nJlaI' HO l' paHIo1TO ea) 
Ha SeneHH WI'.p Hnu,H raf/po 
n na rHo rpaHHT - nOP¢HpH H ~p, 
lleYKQl<paTHHT~ r HaJC 
88 
rpaHHT 
jaaYBaT 60 BH,lJ. Ha ttanl1 WTOKOBH H )J,ajl(f)811.fo'.nJ ru cel~aT 3P.'1~-HIIT~ !t.lY.r'Hm~11 
H C T e HHTe Ha C TpV MCI'.aTa P;HOPI1TOSii q,eopHaLU1)6 '- .llIlMI·!TP':'B"l. . l ~lf)'I; t.":J!!'B. 
1984) , 
..:...fpaHHTl-1Te ce npe ,ll,C'Tt3.BeHI1 Cr) H eyo.nl-',y HaIllt T '!na t:"IKo n y KI­ITKR l' 
HSBO PHWHI1Te p,enOBH Ha CBlIl1>a 11 KIJ:3Jd ~. 1'.':1. .1'1 1.. '7e npwpat'.a:lT raK" aH"inr,-'!1I 
Ha OcorOBC KHOT rra HHT , I<O J e paC ~·. pI 1 Ii r:eee p QIICTO "<HC' 01\ H03.QrdmIWTF-Tn Hd 
TepHTopHjaTa Ha HP SyrapHJa H I1Ma n o c I'apC0HCI'a CTapOCT 
1963) , 
Te pl.\l1'!!pHHTe MarMdTI1TI1 ce npep;CTaB f'HIi 0p, pa,sHOB li I\HH Bynl'o!IHIIT~l. r,p; 
KOH npe 0 B.nap;YB<i.d T 
p;al.\HTH H naTHT - aH.IleH3I1TO B H nop¢11pHT H, 
C T B a paH>eTO Ha Haoran H WTeTo Caca e noepsaHD r:0 nH"vMRTO m iT'''''' 
epCKa co caHap;HHCI'.HTe P;iiL~HTH 1'.011 ce COOP;BPTHII Hd TH, ~ p,r"I1'-'I"llIr'HI1 
.IleneHI1T nOPTHpH, 
Oc:orO B C I'.aTd nIliiHHHa (ApHavp;OSd, 19(3) , 
PY.IlHHTe Tena ce CMeC T eHM HI!J'leCTO BIj KBapLI 
rpa,pIiTI1"<HHTe ItlKPHIlLl, I1 Ha Me CTdTii Hd Yl'.IIv,,<eIiHTe BO HI·!B I'.d.nWII'- TI1 II 
MepMepH, a .Ilpyr l-l oT ,Il.!;,n e Ct)J.IlOMleH B') 3eneHHTe 1....',r'li)1IJ,H II 0':' T"pIJ,He pHHTe 
eynKaHHTI1, 
1,2 Ii 3) , 
Ho p lbOnoWKH acnep.T T W' 
nr, OCTpaHd paC'l1pO <:'TpaH~TQCT 11 onll" Ha 
cpe6peHHTe MHHepaIlH 
HIl : 
MaKpOCKonCKII BI~.IlnHB\oI conC:TBeH~1 M11Hepa11l1 Ha ~pe:6pOT0 FIr) Hd",r'dm IWT'~ T '" 
CacB. C f: YTBpp;eHH eo p;enOT Hd K03Jd r,el',a nOM"'t"y l{(' PH3<:'HTIIT'" '-I ~,O H 10." ') 
ce pa3 B HeHM n p ae H<:'TBeHIJ eo nlj.IlliH<:'r,IiD T p;-:n Ha I'Bo01P'( "tyr.' '''HHIT 
rpa,pI1TH'lHHTe WKPHIlIJ,Ii, s en IIIITF,: W"r'Hnll,l1. 
Me:TaCOMaTC~~1 1 rli LIH,I \ 
.Ilefie IlHHS I5P~O ce MeHya'a no npor::THpal1>eTO 11 na,AOT ; 'il 1,:, In He. KOPI1!\',HT 
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(Taf5ena I t: .n 
fdV. r'>f f1! ~11 
t'~J!~8 • 
K&-ITl<.A. 11 
Ka.nWIl('''TI1 ~t 
n0,l\enn'f 
r FV~.n.:=: p ~ IL·r: ~. .=t 
hi m. H 
Hyr'~'t)eliT 
'_·;.t. .... r'T·-· 
,m IHI-1TP J. \.tHJ :.l 
Dl Ha xr.JpI1~"HT 
' 1'f'~Jr.~prl · !T .. nr .n"""'- 3I1T .. ilV.o'iHTIl'f .. r.;u"npO~HO cp..!5pn .. l'.alll\KT. 
1\'-'J1l I ''''IH'iT' ' H·, MI IH"'I"'3.llIlTP' r)~J"'I1f{eHII Bf) TOJ peJl. np.. ,n, o::p"t'ip",HI1Te ( CO 
H~r() P,:l.3.BII B":'l.T n lipOTHHOBH I'pHO::Ta.1lHH 
H p· ~ (, 'J. TI · I. '-·f-,f·T' ~P."' Itl-1 ;'.1)-1, • P"::1,r: 11.-l\Tl1 nnMery ct:!~e xet',CarOHanHIo-I nno~aCT,", 
r),-",j~l!lI·OOi HI-1 f 'r'I'''T"nll ,- ,', P;\,'\"''''1'11 i."" ,'m '~ 1mm 'Ta':'ella I I , CII ."! ). 
!i"'Hr:>t-'··" '. 1.ltl n ) .... n. IH·~("··~Hl'T..,-· t'p"rT ·3.nH ,:~ r.pa cndT Jt B'I S ItA Ha apMOH" .... a &1111>1 ce 
"'!\V!.'.'l.;' T p, ', VW'rr, f1"" T'fJ.Jl",=tlll 1".'1 ... ..HI! ,=,,n,HI"I<:"1l II TOral~ nr;pa3yeOaT T~mH"I HI1 
:l>fpr' TI1H,-n. P" , ' II, MI1H·' r ·J.·T1Il,.", Ha r:r' ~Op'1'Tf' o::e o,n, n araaT nocr.c TeHaHTI1TOT. 
·"·.... I"}\fI;' 'C(, ,j("l" :iH<'~I'T"· HflH"'pa!Hf Inrpa,n,ye~aT MIIKPO,[l,PYO II,[1,HH. alHJ1h.OBH,[I,I-IH H 
,: n . <j , 
3,'l r':' TaneH .... ~ CHTe ,[I,pyr H cpe!5peHtl 
pY,[I,a ap3 Ksapu, -
.Il11p"'YH', flp3 Xn"pltTrl(.ilTa n o,n,nOl-a. 0 5 paaYBa 
f'p~IC.Ta.n11 1 )],0 lmm ) CO Ol<Tae,[l,apt:KH Xa6I1TYC: . 
Rrt ,·' .n.r, &-'t'- l"-! r1 r'rs":' TTIIHiM.. e r:Hl'V.... ,..,~l1 CO' Kart~HKIiCT(l HltjaH,...rt. Tt:,j e 
·'·'r"".!\I·'l'-UI n'l '- i'fT" 11'-' 1" ... ·".' ")l./f"Jl<"=HIl H~IH"'PiiIl1-l. CnpnSI"I\f.'HI1T" It,m1TYBiUba 
,"I. ~nl-7t' "p'-' ''''''· f..:lI ""I~I,r'."'1H,""nll.~"' ·r"'p t Tilr ' .... JVl 1 .'-l H. "}l n CIKaHCYSddT . )l.py.a .35!.;, OA 
"'.n.trr-lr,dJI~t-JTHI· ! !·' r '.".t t-" ... r' r~') " ,tf.If.'t1I1" T .D.~: . 11 p ':"';( -=1MF--HeTi=t CO ,=pp.6po l..fJ1Ja 
r,.,,n,p>t<HHrt ~ ,·>i .--lI)-·; I n,-,el1"= r l."lR H"f'rtl~ '· T r· 11'3 '1 '·'lI"Tl f' lI·,3TS ,lH61l113B '''H 101)';) . 
If 
..'l,Ptr.r·d " ..... HTttitnT 
Y,O n11~ I1Ha 
" 1IIIl'lf: . I" n lt nl)pa"YBi3.a1' 
0,[1, 
1. '17 
Q")PMI1PFtHOTr. PVJl.tlrJ T- 111'1 r r, np.",." np', ,-: T 1·1 f,al'b>' T(, lia HBHuaTa o,n, Ksap4 
Myrl" ' , [ ... 1·1T ;-f"I,J111rT'-f'YHltT";' lJl ... p ll.nU I i Lr./) ) , K'"'11 ,·IM<"}rlT fJ r.tA Ha jyro3d naA n o,a. 
~ro n nn 0K0ny ~S'). 
Cp,,-f .. pr·HII'r .', 1-11111"'1''''.1111 rp' pa:;BIlf>HH nr , cepIU8 0 ./\ nYI'.Hil'fI1HI1 CO 
pii3JIH~IHH np~ al~H, Kf) H J F.l npf:":(~e \-Iyn aa,' M,c:IoTar:r)M.::lT'"": 8Td PYAa. ToA. npl!~ ce­
':e nv .... HiiTHHI1 Hd HaTp"WY al'be I r'"rl<il.r:-VBdIM:;) .. r)e3 rJ1HHH Hil. T pHel'be, KO H 
HCTO K 
,".=.e,;:-r."-J,..,r::T()\.f llll ,7t') A(('} r €fsp p,q "'"Tf" U-Ilf I .~~ .. 4 5 (J-J, C "= Ue-p .. JY>KHI" (350 
-- ')1:''' ....'·' H '-·"'BF.pl":· ~tlni'lAHI1 t ""1,1 ::/'.J .. PilI HPtcf)U r rr Y ~laH Ti l€, HerYC'Pf)HO r:e MHory 
('-"11"1'. 11 If 1'nr-HIlf''''' T THnll'i-1I MP"1f{n nll,nell .-,r, nlw . Vicn,') nH""TH r:p CO I<.eapu, 
{'p~r',p~~HI:" - r-y.ryllf) rnJl~ H. rpr~tlpI?Hr, r:-Y.rr4JI-I ,AFo!l H cp~'SP~H nOnHF-itL Oc s eH Toa e 
r·.-=t,'3f'n,I-H .· :r \lr"rr'~H~l t P.H4 z n'· lr·HTH.3"~ UJ' TA . ll~nf1Ti~ rJ-~J1ppFllV'lJa op r-r~l5pI?'HHTe 11 
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IiITO p,en Op, aHTHMOHOT e 3aMeHeT co apCeH . HeroeaTa COp,pIRHHa p,OCTHra 
0.61 aT.ep,KHH~H 2,57%). KpHcTanoxeMHcKaTa ~pHyna He ~paj6eprHTOT 
CTs6ena 1, aH.1) e npep,CTsaeHB 80 paS!lHeH 11 Hp, , p,BaajKH rH op,aoeHO 
3aMeHaTa Ha ep,HoeaneHTHHOT H ABoaaneHTHHoT 6aKap eo KaTj~HcKHo T p,en. 
CTe~aHHT. Toj e ep,eH op, rnaeHHTe HHHepanH Ha cpeOpoTo BO 
HBotan.HIiITeTo. Pacie p,HpeKTHo eps ~pajC5eprHToT, TeHaHTHTOT, ceanepHToT 
HnH ap3 Kaap~OT, ~opMHpa xeKcarOHanHH nnO~KH co p,HMeH3HH 0,11, 1 mm p,o 4 
em . no C50ja e onOeHOCH!I . YecTonaTH xeKCarOHSnHHTe nnO~KH ce cpaCHaTH 
M~ry;:;C5e H HMaaT MHory KSpaItTepHCTH'IHO HapeOpyealf>e. Ha (TaCiena II 
cn. l.2) e npep,CTaeeH CTe4>aHHTcKH KpHCTan, op,nOllleH BP3 CBanepHTCKa 
MHItPO,l1,PYSB 0,11, nOe,l1,HHB'IHH TeTpaep,apcKH KpHCTanH. 
Bo Op,C)HeHa c eeTnHHa nop, HHKP~Kon cTe4>aHHTOT e 6en H co JaCHH 
aHHSO TponHH e~KTH. npeMa ~OHOT He;{ r aneHHTOT H3rnep,a co COC~ M c na60 
saOenelllnHBa 3eneHKaCTa HHJaHca. 
3a pasnHKa Op, nonH68311TOT KO] Hero He ce 
nOp6p,H Toa. TOj neCHO ce 
pasnHKyea 0,11, Hero eo O,l1,fiHeH8 caeTnHHB 
cae.noc eH H3aop. 
HanpaaeHHTe p,Be BHanH3H co eneKTpOHCKH MIII'.pOBHdJlH3aTOp (Ta6eJ1a 
1, aH 2,3) nOKalllYBaa., p,eKB CTecPaHHTOT HeMa p,pyrll pnPMPHTH - n(,HM",rH H 
HeroaaTa KpHCTanoxeMHCKa Hfi 
lle~HHHTHBHaTa p,HjarHocTHKa e Hanpal"'!Hi'l nn HeTn.u,F1Ta Hrt npaH HCI ll""BH -
Wepep co KOpHCTelf>e Ha CTpHeH MaTepHJan eo y.ay ... ~rl' o el) TCl n "le co AlljaMeTap 
0,"2 - 0,3 mm (TaC5ena 2). 
nonlll5aJ13MT . npeMa CTeneHOT Ha pacnpOCTp6H€'TOCT Toj npHn,!U"a BO 
rpynaTa HS BTopOCTeneHH c pe6peHH HMHepanH ~o HaOranHWT6TO. Ce op,nara 
CKOPO HCTOBpeHeHO co CTe~aHHTOT·H MOllie Aa ce YT!lpp,1I CBMO npH 
Ha6J1>YAYBBIf>e BO 0p,6HeHB CBeTnHMa nOA MHKpOCKon Hn.. co KOpHCT.. H>e Hn 
CKaHep eneKTpOHCKH HHKpOCKOn. Co ~BJ6eprHTOT H TeMaHTHTOT oop ayea 
MMOry cnOllleHH KOP03HOHH HeKOH OA HHB ce THnH~/iO 
MHPMeKHTOBH. C!leTnOCHO ce pa3JSAyea, 3pHaTa MY ce anoTpHoMOP¢>HH, a ao 
peTKH cnY'iaH oC5pasyea xeKcarOHanHH HrnH"IaCTH Kj:)HCTSnH co pa3Mep.1 .1\0 
120 ~ (Ta 6ena III . cn . 1) . 
.ioOHeHHTe pesynTBTH 0,11, HanpaaeHHTe MHKPOCOHAOBH H 
peHreHCKOCTpYKTYPKH aHanHSH ce npHKBlIIBMH eo Ta6ena 1.C aH. 4) H TaOen~ 
3. COApmHHBTa HS 6aKap e 5,15x. KapBKTepHCTH'IHO e Toa, p,eKa TOj COAP~H 
3,66" epceH, Koja npeAcTBeyea 50" op, ABeTe ~pMynHH ep,I1HHI..\11 Ha 
BHTHMOH. Pep,ocnep,Ho aHBnH3J.tpaHHOT nonH6BSHT e no cpep.HHBTa Ha peAH~~Ta 
nonH6aSHT At. - nonH6a3HT. no peHreHOCTpYKTypeH naT HeMOllleBMe ,na 
p,OKWKeMe n pHCYCTBOTO Ha At. - nOn116a311T. 1l06HeHaTB p6HreHOrpaHa 0,11, Hac 
e KapaKTepHCTH'IHB sa T~a Ha nonHCia3HTOT. 
H8 CHneH 
IlIl'H",rl"I'np (Ta6(,n 
- npHMo::rH H 
Ten pp.Tr.'KIITEl . 
n pHnal'a PI n 
Ce OAnara 
caMO npl1 
Hit 
T oopaaYBa 
THnl1~HO 
,1\0 
H 
TBOena 
CO~PIllH 
e ~HHI114H Ha 
Ha pe ~1114~Ta 
Hd C 
CaI(Opo,gHO cpeCSpo. To e HHory Idl1POKO pacnpOCTpaHeT HHHe pan BO 
HaoranHWTeTO H oiSpasyaa e,ll,pH AeH,I!J)HTOSH,I\Hl1 arper8TH (4,5 x 3,5 em), 
HapacHYBaj KH ep3 cTe¢>aHI1TOT. 4>paJ6eprHTOT, non~1683I1TOT 11 apreHTI1TOT. 
COCTaseHO o~ n Oe,ll,HHe'lHH H cpaCHaTH nOHer y ceOe CHnHO HapeOpeHH 
cnneTeHH H YCYKaHH K PHCTBnH (Ta 6 ena III . cn. 1. 2,3) . Bo HHor y cny~aH 
cpe OpoTo HapacHys8 eps aK8HTHTOT 80 eH,II, nOeAHHa'lHI1 BnB.KHaCTH H 
HHl&IKOBH~HH HHAHS",II,YI1 co ~onllCHHa 0,11, 8 - 10 em Ii ,II,e6enH118 0,1 mm, a npli 
HHTe H3 HBHa Kop03Hja nocne Hero ce 05pa3YBaaT Ton~eCTH ar peraTH co 
~aHCTap 1 - 2 em, THe ce Harpa,l\eHI1 Oil. KHory roneH 6poj Ha BnaKHa H 
HHl&IKH Ha CaMOpO,ll,HO cpe6po. nOHeKOraW CaMOPOAHOTO cpe6po 06pasYBa 
CHOnOBH~Hl1 arperaTH, KOH ce 
nOe~HHe'lHI1 HI1I111<.H , HapeOpeHH no 
cpe6peHH HHWKH t5e3 Hape6pYB~ 
r.:OCTaBeHH oil. napanenHH nOMer y c eOe 
HS,l\Onll<eHOCTa H npe4>aTeHI1 oil. APyrH 
no lSojano HHB ( TaOena IV.cn . 1) . 
cpe6pOTO e Cieno ~o ' 1II0nTO 6eno . OCT8BeHo nO,ll,onro Bpe He Ha nOBpwHHa Toa 
nOTeMHYBa. 
Ha HC TaTa cnHKa 11 cn.3 o~ Ta6ena I V ce npHK8)tullHH op jeHTl1paHO 
HapacHa T H pOH50e~apcKI1 nOeAI1Ha'lHH Kan14HTOBH KpHc TanH. • Bo 
KapaKTepHCTI1~HI1 x spaLl,H Ha r.: n.4 (Ta6e na I V) e npHKBlI<aHa nllO WHaTa 
pacnpeAen6a Ha CaKa - n~IHl-1jf.l. MHory ~oOpo e HarnaceH 11.HHI1C KI10T 
paaBHToK Ha KaCHHOT KaJU.l,HT. 
Hanpaa eHHTe 3 peHreHOCTpYKTYPHH 8~l13H 
napaHeTapOT Ha eneHeHTap HaTa KneTKa 8 0 e 4 ,085 
nOKalllYBa, ~eKa Toa npeAcTaByaB. 'lI1CTO cpeOpo . 
MHKpOCOH~OBH a Ha1lH3H Ha r aHopOAHOTO cpeOpo 0,1\ 
no KalllyaaaT, 
,11,0 4, 082 ( ~) • 
,II,eKa 
IIITO 
npeACTB.BeHHTe .5 
Haot'aIlHWTeTO Caca 
(Ta6ena 1, aM . 7 - 11 ) nOKBlKysaT , ~eKa Toa e MHory ~HCTO H He COAPlKH 
~paj OeprHTOT 
O~BOeHO 
cpet5poTo 50 
, CBanepHTOT 
o~ 1 mm AO 4 
'Il<H ce cpacHa TH 
Ha (Tat5ena I I 
ep3 cBanepHTcKa 
5en H co JacHH 

co CO CP.M clls6 0 

He ro He ce 

TOj neC HO c e 
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AK8wrHT . co CTe.paHI1TOT H CSHOPOAHOTO cpeOpo TOJ 
npeCTseYBa Haj WlIP'l1(O 3aCTane H cpe6peH MHHe p 8J1 BO Haoran HWTeTO. Ce 
pa31H15a KO P03HOHO no cTe¢laHl1TOT, non1-tOa:UITOT H 4>paj6epr HTOT . Ha TsOena 
IV. cn 2 e n pe CTaBeH aKaHTHTOB KpHCTan ao KO HoHHa14Hja Ha KOLlK8 H 
OKTo e,l\Rp npl1 3r~.neHye8R1e o~ 2S2x, KOj HapacHYBB ep3 KBap4 - TeHBHTHT ­
¢lpaJf:ieprHToea ,l\PY3B. Bo c ny~aJOT OBO' 8KBHTI1T ro pa3r ne,l\yeaHe KaKO 
napaMop¢lQaa no dpreHTHT ro O.I:\enYBaHe KaKO npBa 
pa3HoSHAHOCT. Hop~noWKa P83HOBKAHOCT e npeACTaseHa O~ 
oca Ha pOMooe~pH~HH aKaHTHTOBH arperaTH , 
'lHj a ,l\0nIllHHS ,l\OCTHra ~o ,4,5 em. a Ae6e nHHaTa ~o 1 em. KoaHH ce . 
TaKeHTe KpHCTaJ'11-t ce aap0,l\Yl\dT 11 p838l1J!aT KOP03HOHO H ~eH,n;pHTOeHAHO 
Bpa CTe.paHHTOT, a 0 6H'lHO ce nOJ88YB8T oKony KOP03HO HHTe 
B~na6HaTI1HH BO c T e4>aHHToBHTe KP HCTaJ'IH H ce rpynHpaHH BO CH.lTHO 
Hape 5pPHH CTeHH (T 6ena I I. r.n. 2,3) . 
KBaHT HTaTHBHHTe HHKPOCOHAOSI1 H peHreHOCTPYKTYPHH noAaTO LJ,H ce 
~a~eH BO Ta6ena 2 ( oH . 5 , B) Ii Tafiena 3. 
Ha~o nllleHH no 
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APyrH eneHeHTH. CaMO 50 aHanl13aT6 9 H1-18 O. 15'1< Au, I''''e Hel'lfllfle n;; 
npeACTa511 KaKO eneMeHT KOJ 06pa.3 YBa 'PopHyna. C npeMil. T,',a "p",n p n T',) '-'.n. 
HBol'an~I1a1TeTO Cac 
cpe6po (Ag 0,999 ) KO I1 ce YTBPA"HI1 AO~E'ra sr, HaQrdnI1J.tTA;rrl ':'n (~pnrl",' 
HaKe.o.oH(" KaTa 11 PO AoncKaTa MI:Tano reHeTCI'. a npOBHHL\IIJa. 
E neKTpYIi. Toj e YTsPAeH HaABOp 0.0. .o.~nOT Ha K03Ja p .. ~ ..,", II H"'H".I 
npOCTopH8 epCKa co Onl1WaHI1Te cp~6peHIt J i !!Vf\a. 
M~IKpOCKO nCKI1 ,0.0 HaKpOCKO n CKI1 
, < .... 
i'loja eo o A 6HeH8 CeeTnl1Ha e CnBMeHO lIIonT . 
Ke8nI1T6T~HaTa MI1KPOCOHAoaa aHanH3a TOJ CO,ll,lfII1 18, IYI " Aq I( .".1 . 7i'i 
11 Tpar l1 0.0. 0.13 % Hg.[Ta 6ena 1,6M.t21. 
Kora ce I1Ma BO npeAB~tA ,II,eKB BO HB.ol'anl1WTeTO nFTpIJl'ln !J.. ~.. d 
YTB P,II,"HI1 3Ha'lHTenH~1 CO,ll,PlHloIHI1 HB. 3naTO ao PYAa TB. H ,II,f-Kc< 8e, HaOraJ1~IWTaTa 
oA 5yrapCKI10T Aen Ha PYAHOTO none e .o.OKBlIISHO CBMOPOAHO 3naT0, "'n~K TpYH 
~t p a3HOI'll-IAHI1 Tenypl1,llH eM HK08, 197"1, 1978) HOllie ,ll,a C'" O'l"'KYBaT p"_~J1~I'lHII 
"pe6peHO - 3naTHO H cpei'lpeHo - Te nYr'HO - 3naTHH MIIH'=pa III af, [ ,,,'-., !-'C·T H .' 
MaOr nHWTeTO Cac ao 
)1HCK YC H 
MHHepa.nH BO HBOra1l1IWT"' TO I::ac ".!\ 
ca>paJ6epTHT, cTe4>aHHT, no JlloI6a3HT , ,al'dHTIIT II CdM'2PO,ll,Hr> ,.ppr.ipr) ,. nf)l'[. ,al l" 
co BHHanHHOT Aen Ha TepL\HepHOTO MIIH~paJ1HO OOpa3yealLe 9 ( ' n",,-,r"f\(' II 
BepoaaTHO Taa 3acnYlI<ysa ,D,a r:e pa.3rnp ,II,ynd Kal(O r:Or:Til 8 !:'ll I\"TI Mil 
OA.Aen e HaTa 0,11, HaHKOB (1988) KSapL\ - KapOoHaTHCJ - cpeop"'Hd nap<l r "He.3 i'1 
so HaoranHWTaTa 0,11, 5yrapcKHoT .o.eJ1 OcorOBCKaTa nnaH~Ha . HHTPP~CHO 0 .o.~ 
ce o.o.OenelHH, ,ll,eKa 80 Taa napareHe3a CI? .o.w~peHu.HpaHI1 nCo B~PTHHH1" 
OA~3,llOJlY Harope cneAHHTe MHHepaJlHI1 30H11: apreHTonHplIToad co " Hl<eJ1Q"I'1 
apCeHH,II,H .. nHpaprHpl1T nonHOa3HTOfla - nI-tpanrHpl1TOaa .. mlpO::I"~ITO Bd ~ 
TeTpse.o.PHT - TenypH.o.OBa (c petlp~HH H n nOBHII TenypH,II,~I) .~ B.Ko'lHTIiTOBfl -. 
c aHopoAHO epeOpo. 
HeCTOTO Ha ca>paj6eprIlTOT, 1-'.0. 
Haol'aJ1HWTeTO ('''lea 80 Ta HHI'.en oea 
KonOHa e nor:.ne "lprf':HTltnHPHTOT H HHKenOBIITe apeeHIIA'" BO:, n '-''lFoT<:'K.-' T Ha 
nHpaprHpHT - no.nlltl"'l.311TOeBT'I. 31JHa. nnpA.AII Toa BO BoonWTeH 8HA .:'I,':>H T , '- 0 
aHTHMOHQSH cyn<S1<:>t;onli .i8 cpeopOTCI H fJill'apOT MOlfle Aa r::'" 03Ha'lll l'aK ':O 
aK8MTHTOT H C8MOPO.o.HI)TO cpeopo MOll<F.lT A r:-= O'-l!!!KY8aaT HHory HH'l'eper:HH 
f"-'.i ,,-,,-.r·r if1 
:-: HJT.f I-' T'- PI' 
'::;'"t 
MI!ll,.:.r·,'cnll 
~ ·· "·. 'J!l ,-.~I·Fr 
